The relations between the emotions and the brain's functioning have been the subject of scientific investigation over the past decade. This report continues this investigation in a single case study that required the subject to evoke different emotional states (happiness, love, depression) and rate the emotional states on an intensity scale while brain activity was monitored by quantitative electroencephalography (QEEG). The variations in brain activation patterns in these evoked emotional states indicated a predominant QEEQ activation of the beta2 (32-64 Hz) frequency range for all emotional states, with specificity of left hemisphere and temporal lobe activation for happiness and right hemisphere for depression. The response pattern also indicated a greater activation of central and posterior locations for the emotional states.
Introduction
The research literature on depression has focused on cortical and subcortical structures, with current methodology involving, in part, positron emission tomography (PET), single-photon emission computed tomography (SPECT), and electroencephalography (EEG). The PET and SPECT studies have shown cortical low baseline blood flow/metabolism in depressed subjects in the left and bilateral dorsolateral prefrontal cortex, medial prefrontal cortex, and parietal and temporal cortex, as well as subcortical low metabolism in the caudate, thalamus, left putamen, and anterior cingulate (Bremner et al., 2005) . Induction of depression through experimental methods resulted in a decrease in orbitofrontal metabolism (Bremner et al., 2005) . Koenigs et al. (2008) reported that frontal bilateral ventral medial prefrontal cortex lesions are associated with markedly low levels of depression and that bilateral dorsal prefrontal cortex lesions (both dorsomedial and dorsolateral areas) are associated with substantially higher levels of depression. Davidson, Jackson, and Kalin (2000) proposed an approach-avoidance frontal system based on the asymmetry of resting EEG patterns. The resting alpha frequencies are obtained for left and right frontal regions. The left and right alpha powers are compared, and the left/right asymmetry is obtained. The hemisphere with lower alpha power is assumed to have greater power in other frequencies, predominantly in the beta range. Greater left frontal asymmetry is associated with the approach-reward system, whereas greater right frontal asymmetry is associated with an avoidance system. Depressed adults and infants of depressed mothers show decreased left frontal EEG resting patterns (i.e., decreased beta activity; Dawson et al., 1999) . Right frontal activation patterns become linked to reduced reward seeking and thus depression. The orbitofrontal cortex has been shown to be involved in processing extremes of reward magnitude (Forbes & Dahl, 2005) . Koenigs et al. (2008) reported that computed tomography studies (resting state data) showed depression associated with very high levels of ventromedial prefrontal cortex activity but very low levels of dorsolateral prefrontal cortex activity. Bremner et al. (2005) reported that in some cases, treatment with isotretinoin (Accutane) resulted in depression. In their depressed sample, there was a decrease in orbital frontal metabolism (PET/magnetic resonance imaging [MRI] ) following the treatment (prepost comparison). In conclusion, depression can involve many of the cortical and subcortical components of the brain with a focus on frontal areas.
Case Study
The 35-year-old female subject reported a long history of depression that had been treated with minimal success with antidepressants. She also reported a history of taking Accutane for acne during her adolescence. There was no history of traumatic brain injury, attention-deficit disorder, learning disability or known psychosocial cause to her depression.
Thornton has developed a technique to identify deviant brain activation patterns in individual subjects by obtaining the quantitative EEG (QEEG) patterns in individual patients and comparing them to the patterns in a normative database of 100 control subjects (U. S. Patent No. 6,309,361, 2001) . In addition to a resting QEEG pattern, the subject is monitored while engaged in nine cognitive tasks, which are visual and auditory attention, auditory memory for paragraphs (input, immediate, and delayed recall), reading memory (input, immediate, and delayed recall), and problem solving (Raven's matrices). Whereas resting QEEG shows some associations with cognition, the QEEG obtained during the cognitive tasks shows more powerful relations between brain activity and cognitive performance such as memory (Thornton & Carmody, 2009a) . Thornton has shown how the task-related, activation analysis is applied to reading disability (Thornton & Carmody, 2005) , auditory memory (Thornton, 2000 (Thornton, , 2002 (Thornton, , 2006 , and traumatic brain injury (Thornton & Carmody, 2008 , 2009b .
The subject underwent the standard activation QEEG, during which nine cognitive tasks are administered in addition to one eyes-closed condition. The subject was also asked to internally evoke different emotional states (depression, love, happiness) and assign intensity levels to the emotional experience on an intensity scale of 1 to 10 (the most intense). For the depression and happiness conditions, the subject was asked to evoke the general state without a specific content and then with a specific content that was known to her family members to evoke strong emotional responses. One of the reasons this approach was employed was to determine consistency of results across differences in thought content. While the subject evoked the emotional experience, the QEEG was obtained.
The subject's QEEG values were compared across these different conditions to evaluate the changes in the QEEG values. We first examined the subject's average response QEEG pattern during the nine cognitive tasks, which constitute the activation QEEG evaluation to determine if the subject's pattern matches any of the depression patterns reported in the literature or the Accutane effect. We then examined the changes from the eyes-closed condition to the different emotional states. The coordinated allocation of resources (CAR) model (Thornton & Carmody, 2008) has been proposed as a descriptive/explanatory structure of the electrophysiology underlying the brain's cognitive functioning. The CAR structure is extended to emotional functioning in this single case study.
Overall QEEG Pattern Across Nine Cognitive Tasks  Table 1 presents the standard deviation (SD) difference from the normative reference group across all nine cognitive tasks. The data are averaged for frontal, central, and posterior locations. The delta values at the frontal locations (Fp1, Fp2) were the most elevated compared with the database as well as the frontal lobe when compared with the central and posterior averaged values. The inverse relationship between delta and metabolism has been documented in a number of studies (Szelies, Mielke, Kessler, Heiss, 1999; ValladaresNeto et al., 1995) . Thus, the data provide some credence to the potential Accutane effect.
The Emotional State Comparisons
The main differences across all of the comparisons involved an increase in the beta2 (32-64 Hz) and delta (0-4 Hz) relative power values and decreases in the theta, alpha, and beta1 relative power values. The most pronounced increase in delta occurred in the depressed condition in the frontal and temporal lobes (1-3 SD). The tables below present the SD differences among the different emotional states for the beta2 relative power values. The SD difference is calculated by obtaining the mean and SD of the baseline condition (i.e., eyes closed) and then calculating the SD difference between the eyes-closed condition and the comparison condition (i.e., happy) using the mean and SD of the eyes-closed condition.
The happy state. Table 2 presents the SD difference between the eyes-closed and happy condition. The subject Depression, Love, Happiness, and the QEEG was not questioned regarding her thought content. She rated the intensity as 6.5 on a scale of 1 to 10 (with 10 being the most intense). As the table indicates, the main effect was an increase in temporal lobe beta2 activity. It is of some interest to note that the overall change was in the beta2 frequency. There was greater left frontal than right frontal activation pattern for the homologous pairs (Fp1-Fp2, F7-F8) but not for F3-F4. The left hemisphere was activated to a greater degree than the right hemisphere, except for the temporal lobes. Table 3 presents the data for a very specific happy condition that the subject's close relatives provided. She rated the intensity of the mood as 6. As in the general happy condition, there was a greater activation of the left hemisphere and in specific the temporal lobes.
The love state. Table 4 presents the data on the eyesclosed versus love condition. She rated the intensity of the emotion at 5. Love, being a positive emotion, appears to have the same effect on the brain's electrical patterns as happiness.
There was a greater general increase in left hemisphere beta2 values and in particular in both temporal lobes.
The depressed state. Table 5 presents the data on the eyes closed versus depression condition. She rated the emotional intensity of her depressed state as 9.5. There was a greater activation of the right hemisphere during the depressed state and in the right temporal and posterior locations in particular. Table 6 presents the data on the depression versus happy condition. The subjective intensity difference between the happy condition (6.5) and depression (9.5) was 16. A direct comparison of the happy versus depressed state is shown in Table 6 . The comparison indicated greater left hemisphere activation for the happy condition as well as a left temporal lobe (T3) beta2 activation pattern. Table 7 presents the spectral correlation coefficients (SCC) SD value changes between the different emotional states. The SCC variable is a correlation coefficient of the amplitudes of two different locations. As the table indicates, the happy/love conditions result in decreases in SCC beta1 and beta2 relationships between the temporal locations (T3 and T4) and the other locations in the 10-20 system. The phase relationships demonstrated a similar pattern. The depression condition did not elicit this type of change.
Conclusions
The activation patterns as the subject's emotional state changed indicated (a) the greatest change in the beta2 relative power values; (b) a left hemisphere activation pattern for happy conditions; (c) a right hemisphere activation pattern for depression; (d) an increase in delta, especially frontal locations in the depressed condition; (e) major involvement of the temporal lobes in all emotional experiences; (f) a greater posterior/central activation pattern for all emotional states as compared with frontal locations; (g) the frontal lobe pattern did provide support for Davidson's hypothesis in happy conditions where the left frontal activation was greater than the right frontal and in the comparison of depression versus happy conditions. In addition, in the depressed state, the right frontal activation was greater than the left frontal. However, the love condition did not appear to evoke a frontal asymmetry effect. This case study demonstrates that the QEEG identifies the brain activation patterns that are associated with depression, and these patterns are consistent with brain activation found with the more intrusive techniques of PET, SPECT, and MRI. This case study also is consistent with the CAR model of brain functioning.
